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ABSTRACT

Two airborne light detection and ranging (LIDAR) beach surveys of the North Carolina
coast are used to assess the hurricane-induced impacts from Hurricane Bonnie.  The
baseline survey was conducted over North Carolina in fall of 1997, and a second survey
was conducted in fall of 1998, within days of Bonnie’s landfall.  The very high density
and accuracy of elevation measurements allows regional-scale beach volume calculations
at an accuracy unavailable using traditional beach profiling survey methods.  Geographic
information system software is used to determine volumetric change of the dry beach for
all North Carolina barrier beaches.  From volumetric change calculations, the volume of
sediment gain or loss by unit area and unit length of the beach are determined for each
beach.

The northern barrier island beaches show greater average sediment loss over the length of
the beach than the beaches in the middle and southern sections of the coast.  The northern
beaches generally show long erosional sections of beach and dunes with smaller pockets
of accretion.  Overwash, when observed, is minor.  Beaches in the central coast show a
different response: alternating patterns of erosion and accretion with relatively little net
sediment volume change.  The areas of erosion are less severe than on northern beaches.
More overwash is apparent, but generally it is limited, with the exception west of Cape
Lookout where sediment was deposited on the barrier flats.  The southern beaches
exhibited a mixture of sediment gain and loss.  Much of the gain can be attributed to a
major beach renourishment project.  Those beaches not renourished, however, have
higher average losses of sediment over the length of the beach than the central section of
coast.  Complete islands and large sections of beaches were completely overwashed,
significantly changing the beach morphology, but having a low impact on the total
sediment volume.
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AN EVALUATION OF HURRICANE-INDUCED EROSION ALONG THE
NORTH CAROLINA COAST USING AIRBORNE LIDAR SURVEYS

1.0 INTRODUCTION
This introductory section provides a brief overview of the Airborne LIDAR Assessment
Coastal Erosion (ALACE) Project out of which this report originated and provides some
background on Hurricane Bonnie and the North Carolina coastline.

1.1 Airborne LIDAR Assessment of Coastal Erosion Project

The ALACE project is a partnership between the National Oceanic and Atmospheric
Administration (NOAA) Coastal Services Center (CSC), the National Aeronautics and
Space Administration (NASA) Wallops Flight Facility (WFF), and the U.S. Geological
Survey (USGS) Center for Coastal Geology.  The project’s goal is to develop and
demonstrate aircraft laser altimetry mapping as a source of highly accurate, cost-effective
information on coastal topography, erosion, and shoreline position.  In working toward
this goal, NOAA, NASA, and USGS have conducted several mapping missions along
stretches of U.S. coastal beaches using the NASA developed laser mapping instrument,
Airborne Topographic Mapper (ATM), flown aboard a NOAA Twin Otter aircraft.

The ALACE project conducted laser beach surveys along sections of the U.S. coastline
during 1996, 1997, and 1998.  All North Carolina beaches were surveyed during each of
the 1997 and 1998 surveys.  The 1997 survey was conducted over six days between
September 16th and September 29th.  The 1998 beach survey was conducted within six
days after Hurricane Bonnie’s landfall on the North Carolina coast to measure beach
changes resulting from the hurricane.  The survey began September 1st and ended
September 7th, two days behind schedule due to rain and low clouds associated with
Tropical Storm Earl.

The very high density of elevation measurements for laser beach surveys, approximately
one measurement every few square meters, provides a unique ability to determine the
sand volume on a beach with an accuracy far greater than previous methods utilizing
beach profiles.  Determining sand volume from beach profiles required an assumption of
a linear along shore gradient in the change detected between adjacent profiles (Oertel, et
al., 1989).  LIDAR data does not require this assumption.

1.2 Hurricane Bonnie

Since the fall of 1996, the North Carolina coast has been impacted by three hurricanes, all
making landfall just east of the border between North Carolina and South Carolina and
west of Cape Fear.  Two hurricanes, Bertha and Fran, struck the coast in the fall 1996.
No hurricanes impacted the North Carolina coast during 1997, providing a period for
beach recovery, both natural and artificial.  The most recent hurricane, Bonnie, came
ashore as a category 3 storm on August 26, 1998 (Figures 1 and 2).  The 400-mile wide
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storm stalled near Wilmington, North Carolina for an hour, jogged east off the coast with
the eye passing over the south end of Masonboro Island, then returned to a northwest
track moving inland again across the south end of Topsail Beach.  Bonnie maintained a
roughly northwest track, losing intensity until reentering the Atlantic ocean as a category
1 storm near Kitty Hawk.

Figure 1.  Map showing the path of Hurricane Bonnie over North Carolina.  The color-
coded line indicates Bonnie’s category as defined by the Saffir/Simpson Hurricane Scale
(Simpson, 1974).

Figure 2.  Colorized infrared satellite image of Hurricane Bonnie approaching the North
Carolina coast on August 26, 1998 (www.ncdc.noaa.gov/ol/reports/bonnie/bonnie.html).
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1.3 North Carolina’s Barrier Islands

The 300 miles of North Carolina coast are fronted by 21 long narrow barrier islands
separated by inlets (Figure 3).  The islands are generally sandy with low vegetation and
low vertical relief.  The coast is dominated by three cuspate forelands, Cape Fear, Cape
Lookout, and Cape Hatteras.  The islands from Cape Lookout north are backed by several
sounds, separating the islands from the mainland by as much as 30 miles.  There are
small regions of development, but a majority of the land is federally controlled and
within designated Coastal Barrier Resources Act (COBRA) zones.  The federally
controlled coast is composed of the Cape Lookout National Seashore, Cape Hatteras
National Seashore and the Pea Island National Wildlife Refuge.  North Carolina’s
southern barrier islands are shorter in length and more developed than the northern coast
The islands are typically separated from the mainland by narrow bands of salt marshes.

As a whole, the barrier islands are primarily microtidal, (i. e. have a tidal range less than
six feet) transgressive barriers with the exception of Bogue and Shackleford Banks,
which are microtidal regressive barriers.  The low tidal range results in a wave-dominated
coastline, therefore, wave-generating storm events are major factors defining and
changing the coastal morphology of the barrier islands (Leatherman, 1988).  The
shoreline orientation changes from west-to-east trending in the south, through southwest-
to-northeast trending in the central section, to southeast to northwest trending in the
north.  This varied orientation results in wind and waves from a single hurricane
impacting sections of the coastline differently.

2.0 OBJECTIVES
The objectives of this report are 1) to evaluate hurricane-induced beach change along the
entire North Carolina coast using laser beach mapping, and 2) to determine the
volumetric change in sand above the low-tide line from September 1997 to September
1998, immediately after hurricane Bonnie’s passage across North Carolina.

3.0 METHODS
The following section describes the methods for the collection of light detection and
ranging (LIDAR) beach topography and the methods applied in the analysis of beach
change.
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Figure 3.  Map showing the location of inlets and barrier islands along the North Carolina
coast.
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3.1 LIDAR Data Collection

3.1.1 North Carolina Laser Beach Surveys
Elevation measurements were collected along North Carolina beaches during September
1997 and 1998 using the Airborne Topographic Mapper II (ATM) (Krabill, et al., in
print) (Figure 4).  The ATM is a scanning pulsed laser ranging system mounted onboard a
NOAA aircraft, and is used to measure ground elevation and coastal topography.  The
system uses a high frequency laser directed at the earth's surface through an opening in
the bottom of the aircraft's fuselage.  The laser system records the time difference
between emission of the laser beam and the reception of the reflected laser signal in the
aircraft while associated systems are simultaneously recording the aircraft’s position and
orientation.  The plane travels over the beach at approximately 135 miles per hour (60
meters per second) while surveying from the low-water line to at least the landward base
of the sand dunes.  The ATM, developed by NASA WFF in Virginia, measures ground
elevation with a vertical resolution of 15 centimeters (Meredith, et al., 1998) and a
horizontal accuracy within 0.8 meters assuming a survey altitude of 700 meters.

Figure 4.  Airborne Topographic Mapper II.

3.1.2 Data Processing, Extraction, and Conversion
After receiving the mission-post-processed data from NASA WFF, the data were filtered
to remove extreme elevations above and below the ground surface.  The data were then
loaded into a database to allow subsetting, datum conversion, reprojection, and gridding.
These processes were performed using the Web-based system LIDAR Data Retrieval
Tool (LDART), which was created by the Center for storing and distributing ALACE
beach survey data.

The North Carolina coast was divided into 24 rectangular tiles (Figure 5), each tile
covering approximately 13 miles (22 kilometers) of coastline.  LDART was used to
extract the data for each of the tiles.  The LDART system performed the following
processing on the original point data to produce the 24 binary raster grids for both the
1997 and 1998 survey:














